AD-769  306 


DEMONSTRATION  OF  THE  THERMOGRAPHIC 
PHOSPHOR  HEAT-TRANSFER  TECHNIQUE 
AS  APPLIED  TO  AERODYNAMIC  HEATING  OF 
EXTERNAL  STORES 

S.  S.  Baker,  ct  a  I 


Arnold  Engineering  Development  Center 
Arnold  Air  Force  Station,  Tennessee 

November  1973 


r 


DISTRIBUTED  BY: 


KHTD© 

Nitimi  TkMciI  liftfiatiN  Stnrtct 
U.  S.  DEPARTMENT  Of  COMMENCE 

5285  Port  Royal  Road.  Spnnftield  Vs.  221S1 


DISCLAIMER  NOT 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A  SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


UNCLASSIFIED 


flfr  7<£  930  & 


DOCUMCNT  CONTROL  DATA  -RAO 


«!•«•< ?*•*»•»  •«  »NH  *1  R4*»R<I  M#  **#es  *4  M  »»♦*>#  A#  Nf»N  U 


«•  !  «•»  •••  «(t  *  ttfCNH^Rv^J  Hew*'** 

Arnold  Engineering  Development  Center  UNCLASS I  FI 

Arnold  Air  Force  Station,  Tennessee  37389  *»  N**i* 


DEMONSTRATION  OF  TIIF.  THERMOGRAPHIC  PHOSPHOR  HLAT- TRANSFER  TECHNIQUE 
AS  APPLIED  TO  AERODYNAMIC  HEATING  OF  EXTERNAL  STORES 


•  •  ••*•*♦»•  *•••(  r»M  t«  npoi  M  MMt»«  «••••; 

Final  Report  -  January  30,1973 


( 


.  S.  naker  and  R.  K.  Matthews,  ARO,  Inc 


November  1973 


»  •••«#(  V  i 


to  ••  I  Mt«*Ml*«R>  Kv«OtR  » 

AF.DC-TR-73- 128 
AFATL-TR-73- 154 


*  Program  Element  62602F 


■  '  «•  ll  >V  I 


ARO-VKF-TR-73-76 


Approved  for  public  release;  distribution  unlimited. 


»•  •R|aHR  RlN<Lif|R( 


Air  Force  Armament  Labors tor y/DLOC 
Eglin  Air  Force  Base 
Florida  32542 


The  purpose  of  this  Investigation  was  to  design  and  conduct  a 
»tnd  tunnel  tes*  which  demonstrated  the  feasibility  of  applying  wind 
tunnel  techniques  to  the  aerodynamic  heating  problems  encountered  in  the 
supersonic  carr.age  of  external  stores.  The  test  Incorporated  the 
thermographic  phosphor  paint  technique  on  an  MK-B4  store  attached  to  the 
left  inboard  pylon  of  a  0.05-scale  model  of  the  F-4C.  The  test  was  made 
at  nominal  frec-stream  Mach  numbers  of  1.49,  1.76,  2  00,  and  2.50;  at 
nominal  free-stream  unit  Reynolds  numbers  between  3.67  x  10®  and  4.64  x 
106  ft-1;  and  at  aircraft  angles  of  attack  of  0  and  +4  deg.  Typical 
hcat-transfcr-rate  distributions  on  the  MK-84  are  presented.  Thermo¬ 
graph  lc  Datacolor  photographs  are  also  Included  showing  characteristic 
heating  patterns  on  the  external  store  and  significant  variations  in  the 
heut  »ransfe-  coefficient  at  various  X/L  locations  caused  by  local  "hot 
spots."  Other  photographic  data  Illustrate  the  complexity  of  the  flow 
field  around  thn  store. 
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ABSTRACT 

The  purpose  of  (his  investigation  was  lo  design  and  conduct  a  wind  tunnel  test  which 
demonstrated  the  feasibility  of  applying  wind  tunnel  techniques  to  the  aerodynamic  heating 
problems  encountered  in  the  supervmic  carriage  of  external  stores  The  test  incorporated 
the  thermographic  phosphor  paint  technique  on  an  \1k-K4  store  attached  to  the  left  inboard 
p>lon  of  a  OO^-scale  model  of  the  I  *4(  Ihe  test  was  made  at  nominal  free-stream  Mach 
numbers  ol  I  4‘),  |.7h,  2.00  and  2.50  at  nominal  free-stream  unit  Reynolds  numbers 
between  l  <»7  x  I0*  and  4  M  x  I0fc  ft  1  and  at  aircrall  angles  of  attack  of  0  and  +4 
deg  Typical  heat-transfer-rate  distributions  on  the  Mk-M  are  presented  Thermographic 
Datacolor  photogiaphs  are  also  included  showing  characteristic  heating  patterns  on  the 
external  store  and  significant  sanations  m  the  heat-transfer  coefficient  at  sarious  \  I 
locations  caused  b>  local  "hot  spots  "  Other  photographic  data  illustrate  the  complexity 
of  the  How  field  around  the  store 
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SECTION  I 
INTRODUCTION 

In  December  of  1971,  I  pstein  (Ref  I)  presented  a  paper  at  the  Aircraft/Stores 
( bmpatibility  Symposium  in  which  he  discussed  supersonic  carnage  of  conventional 
weapons  Some  of  tltc  important  conclusions  to  be  drawn  from  that  paper  are  (I)  many 
supersonic  aircraft  store  combinations  arc  speed  "limited"  by  store  aerodynamic  heating. 
(2)  flight  test  evaluation  of  all  aircraft/store  situations  is  not  possible,  and  (3)  the 
complexity  of  the  aircraft/store  flow  environment  defies  analytic  desenption 

I  igure  I1  (Appendix  l|  illustrates  how  the  performance  envelope  of  a  typical 
prescnt-dj>  jircrult  has  been  severely  limited  by  external  store  heating  Unfortunately, 
these  limitations  arc  sometimes  imposed  by  "arbitrary  temperature  limits1  on  the  store  " 
Almost  all  present-day  bombs  and  fuses  have,  as  their  explosive  charge,  some  form  of 
1M  which  melts  at  about  17b  When  this  explosive  melts,  it  becomes  unstable  and 
very  dangerous  However,  to  determine  the  actual  temperature  of  the  TNT  in  flight  one 
must  know  the  following 

1.  Hie  maximum  temperature  attainable  at  the  specific  High!  condition  (i.e., 

I',.  I.  see  I jg  I . 

2.  Ibe  rate  at  which  hejt  is  transferred  to  the  store,  and 

V  The  length  of  time  at  a  given  (light  condition. 

Of  these  three,  the  heal  transfer  rate  is  by  far  the  hardest  to  determine.  As  a  result,  the 
adiabatic  wall  temperature  (I,.)  is  often  used  as  a  conservative  limit 

Some  analytic  work  has  been  done  on  store  heating,  for  example,  under  a  contract 
with  I  glin  All!  the  Armour  Research  foundation  performed  extensive  calculations  of 
store  heating  distributions  for  the  case  of  a  MARK  K3  bomb  in  an  interfcrrnce-frcc  flow 
field  <Ref  2i  Of  course  the  actual  How  field  is  far  from  interference-tree  as  will  be 
shown  later  in  this  report. 

Ilic  purpose  of  this  investigation  was  to  design  and  conduct  a  wind  tunnel  test  which 
demonstrated  the  feasibility  of  wind  tunnel  testing  techniques  as  applied  to  the  store 
aerodynamic  heating  problem.  Die  store  thermal  environment  was  obtained  using  the 
tlicrmographic  phosphor  paint  technique  The  phosphor  data  provide  a  complete  thermal 
mapping  of  the  heat  transfer  coefficient  distributions  for  wind  tunnel  conditions  If  proper 
scaling  laws  are  known,  these  hcat-transfer-rate  distributions  can  be  extrapolated  to  flight 


*A  tliTliji  lifUtt  »»t  ptrsfnKsl  In  Rrf  1 
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conditions  Then.  with  the  aid  of  existing  heat  conduction  computer  codex,  the  heat-transfer 
distributions  for  flight  conditions  can  be  incorporated  with  aircraft  flight  envelopes  to 
provide  realistic  store  temperatures  for  flight.  This  could  significantly  improve  the  current 
aircraft  operating  limits  with  external  stores  and  help  to  provide  a  "total  force.,  operating 
at  near  the  design  speed  of  the  aircraft."* 

The  test  was  conducted  in  the  von  KfcrmJn  (ias  Dynamics  facility  (VKf)  40-In 
Supersonic  Wind  Tunnel  (A)  at  Mach  numbers  of  I  49.  1.7ft,  2  00.  and  2.50.  and  nominal 
free-streain  unit  Reynolds  numbers  from  5  (»7  x  10*  to  4  ft4  x  IO*/ft,  A  O.OS-scalc  MK-84 
was  used  as  the  external  store  and  an  existing  I  4(  model  was  used  to  simulate  the  flow 
field  of  the  parent  body  The  parent  model  orientations  consisted  of  angles-ofattack  or 
0  and  *4  deg  T  wo  basic  configurations  were  tested 

I-4C/MK-K4/WITH  Mil  l.  TANKS 

I  -4(VMK4(4 'WITHOUT  Mil  L  TANKS. 

SECTION  II 
APf  ARATUS 


2.1  WIND  TUNNEL 

Tunnel  A  is  a  continuous,  closed-circuit,  variable  density  wind  tunnel  with  an 
automatically  driven  (lexiWe-plate-typc  nor/le  and  a  40-  by  40-in.  test  section  The  tunnel 
can  be  operated  at  Mach  numbers  from  1.5  to  6  at  maximum  stagnation  pressures  from 
29  to  200  psia,  respectively,  and  stagnation  temperature*  up  to  750TR  (M_  ■  (»)  Minimum 
operating  pressures  range  from  about  one-tenth  to  one-twentieth  of  the  maximum  at  each 
Mach  number.  Tunnel  A  has  a  model  injection  system  which  makes  it  possible  to  change 
model  configurations  without  interrupting  the  tunnel  flow  (I  ig.  2).  A  description  of  the 
tunnel  and  airflow  calibration  information  may  he  found  in  Kef  1 

22  MODELS 

A  photograph  showing  the  I  4(  parent  model  with  the  MK-84  and  fuel  tank  mounted 
is  presented  in  l-ig.  f  Only  the  MK-84  bomb  mounted  on  the  inboard  pylon  of  the  left 
wing  was  instrumented 

The  0  05-scale  MK-84  store  was  fabricated  at  the  VKf.  The  store  model  was 
constructed  of  C  7  epoxy  because  of  its  low  thermal  conductivity  which  is  required  for 
the  thermographic  phosphor  paint  technique  In  addition  to  the  thermographic  paint,  the 
store  was  instrumented  with  a  Oardon  heat-transfer-rate  pge  and  two  wall  temperature 
gages  Model  details  and  instrumentation  locations  ate  shown  in  f  ig.  4  It  should  be  noted 
that  the  MK-84  store  was  at  a  I -deg  angle  of  incidence  in  the  carnage  position. 

Votnmrni  at  Tactical  llfhtct  Symp. ilium  ciptnuny  the  drum  el  Urwnl  tUhim  Momyrt,  T AC  ( ommjndn 
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A  sketch  illustrating  the  relative  size  of  the  l*-4(\  MK-A4.  and  fuel  tank  is  presented 
in  big.  S,  and  the  two  pylon  stations  on  each  wing  arc  indicated 

23  INSTRUMENTATION 

2,3  1  Thermographic  Phosphor  Point 

Thermographic  phosphorescence  is  the  emission  of  luminescent  light  hasing 
temperature-dependent  intensity  that  decreases  exponentially  with  increasing  temperature 
The  paint  phosphorescence  is  activated  by  ultraviolet  ilJV)  light,  and  the  intensity  of 
emission4  depends  on  the  properties  of  the  particular  phosphorescent  paint  and  the  energy 
of  the  activating  ultrasiolet  light,  as  well  as  the  temperature.  A  plot  of  the  emission 
brightness  for  the  phosphor  used  in  this  test  is  given  in  I  ig  r>  as  a  function  of  temperature: 
the  intensity  of  the  ultraviolet  lights  for  this  test  was  nominally  2,K  ultraviolet  light  units 
(280  #iw7cmJ ) 

The  technique  for  obtaining  the  model  surface  temperature  patterns  at  the  desired 
test  conditions  consists  of  phntographmr  the  painted  model  surface  and  measuring  the 
optical  density  (brightness!  of  the  recorded  image.  Ilu*  measured  film  density  is  related 
to  the  model  surface  U>  .perature,  which  can  be  related  to  the  surface  aerodynamic 
heat-transfer  coefficient  is  wi"  * e  discussed  later 

Hie  model  phosphor es.encc  photographs  were  obtained  using  Health -Coleman 
Varitron®  70-mm  sequence  cameras  set  at  f/4  and  0  5-ses  exposure  times  I  astman  kodak 
Tri-X  Pan®  film  was  developed  using  the  I. astman  kodak  Versainal®  process, 

2.32  H#at  Transfer  Rata  Gaga  and  Wall  Tamparatura  Gagas 

A  (»ardon  heat-transfer-rate  pgc  and  two  wall  temperature  gages  were  used  to  monitor 
iK'ating  rates  on  the  model  llieir  physical  locations  on  the  model  were  shown  in  I  ig 
4  Ihc  beat-transfer-rate  gage  operates  on  the  Card  on  gage  principle  (Ref  4).  and  a  sketch 
of  a  typical  gage  is  shown  on  (he  righl-hand  side  of  I  ig  7. 

The  two  wall  temperature  gjges  operate  on  the  basic  thermocouple  principle  with 
the  two  dissimilar  metal-wire  leads  divided  into  very  line  "whiskers."  This  was  done  to 
reduce  conduction  losses  A  sketch  of  the  basic  construction  of  a  wall  temperature  gjge 
is  shown  on  the  left-hand  side  of  I  ig.  7.  Unfortunately,  conduction  losses  were  not 
eliminated,  and  the  gage  readings  were  observed  to  be  consistently  low  ('-7  1  )  l  or  this 
reason,  data  from  the  two  wall  temperature  gages  were  not  used  in  the  data  reduction 


4ln  older  lo  ptortdc  a  rood  iclWcli*<  bKkpuiml  lor  Ok  phmphor  punt.  ihc  nnlrl  «»  [Minted  «hu<  hcfoce 
Ihc  r*>mph<j»  punt  «at  ipphnd 
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SECTION  Ml 
PROCEDURE 

3  1  TEST  CONDITIONS  AND  PROCEDURE 
3.1  1  T«t  Conditions 


llie  nominal  tunnel  opcra'ing  conditions  wen:  as  follows 


M. 

Po.psia 

T„.*K 

p„.x  Ug/  ft’ 

V_.ft/scc 

Rejft.ft  • 

1  49 

150 

638 

7.88  x  I04 

1535 

3.67  x  10* 

1  7(> 

170 

(»38 

6.71  x  10 4 

1712 

3.84  x  10* 

2  00 

21.1 

(.39 

6.37  x  Ifr4 

1846 

4  29  x  10* 

2.50 

29.2 

638 

5.05  x  10 4 

2063 

4  64  x  10* 

A  complete  test  summary  is  presented  in  Table  I  (Appendix  III 

312  Test  Procedure 

The  test  sequence  consisted  of  injecting  the  model  into  the  airstream,  translating 
it  forward  to  the  test  section,  and  taking  four  photographs  of  the  model  at  4-sec  intervals 
The  model  was  exposed  to  the  airflow  about  10  sec  before  reaching  the  test  section, 
and  the  model  remained  in  the  test  section  for  approximately  1 6  to  18  sec.  The  model 
was  cooled  to  about  70  to  80*1  prior  to  each  injection  The  Gardon  gage  heat  sink 
temperature  and  the  model  wall  temperatures  were  monitored  during  the  cooling  cycle 
to  ensure  a  uniform  temperature  distribution  before  a  subsequent  injection  was  nude. 

The  outputs  from  the  two  wall  temperature  gages  and  the  Gardon  heat-transfer  gage 
were  recorded  continuously  from  before  the  model  injection  until  the  beginning  of  the 
retract  cycle.  Hie  recordings  were  made  on  magnetic  tape  with  a  Heckman  210 
analog  to-digital  converter,  each  channel  being  sampled  every  0  05  sec  during  the  recording 
interval  Indicate  bits  marked  the  time  sequence  of  such  events  as  model  amval  on 
centerline,  model  arrival  at  lest  section  position,  and  the  times  at  which  the  photographs 
were  taken. 

Because  of  the  obstructed  side  view  of  the  instrumented  model  by  the  other  stores 
and  because  of  the  desirability  of  having  the  Gardon  gage  visible  in  each  photograph  (for 
establishing  reference  levels  in  the  phosphor  paint  data),  the  parent  body  model  was  rolled 
145  deg  as  illusu  ited  in  l  ig  8  Two  cameras  were  used  (one  on  each  side  of  the  tunnel) 
so  that  the  heating  patterns  could  be  photographed  from  both  the  inboard  and  outboard 
positions  by  rolling  the  model  -45  and  +45  deg.  respectively  A  typical  black/white  picture 
of  the  phosphor-painted  store  with  the  parent  body  rolled  *45  deg  is  shown  in  Mg.  9 
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3  2  OATA  REDUCTION 

Ilie  aerodynamic  heat  transtcr  coefficient  at  the  (*ardon  gage  location  was  computed 

b> 


4  W  W 


where  the  heat  transfer  rate  («|)  and  the  ellcvtice  wall  temperature  ( I,  ftfe  I  of  the  (*ardon 
gjge  were  obtained  as  follows 


i  .  fsnf\n 


Cl 


and 


I.  -  l„  .  0.7.7  vn 


(J> 


The  Stanton  number  was  eompu'  *d  as 


(4| 


where  the  specific  heal  ol  air  at  constant  pressure  t(pi  was  assumed  l«>  In*  0  240 
Htu/lhm-  K 

Because'  of  possible  nonuriifortuities  in  either  the  phosphor  coating  or  the  incident 
ultraviolet  light  (tor  example  shadows  caused  b>  model  geometry),  pretest  pictures  of 
the  model  were  obtained  in  the  test  section  under  the  same  conditions  (but  without  the 
tunnel  running)  that  existed  lor  the  test  pictures.  By  subtracting  the  measured  optical 
density  ol  the  pretest  picture  from  the  corresponding  test  picture,  the  influence  of  these 
nonumlormities  was  eliminated  from  the  final  results  In  other  words,  the  black/white 
picture  that  is  analyzed  is  the  difference  between  the  test  picture  positive  and  a  negative 
of  the  pretest  picture  I  he  superposition  of  these  two  pictures  yields  the  difference  in 
density  between  them  I  his  ditlcrence  in  film  density  as  shown  in  I  ig.  10a  represents 
the  change  in  temperature  between  the  test  conditions  and  the  pretest  condition 

Data  reduction  of  the  film  density  patterns  was  accomplished  using  a  Datacolor 
7<H  12®  analy/er  The  Datacolor  system  uses  a  black  white  television  (TV)  camera  to 
produce  a  standard  TV  signal  or  image  of  the  test  picture  A  digital  video  processor 
analyzes  the  shades  of  gray  in  the  TV  image  and  classifies  them  into  increments  or  shades 
of  gray  (twelve  increments  were  used  in  the  present  analysis)  A  different  color  is  assigned 
to  each  increment,  anil  the  appropriate  color  TV  signal  is  generated  by  the  digital  processor. 
These  signals  are  then  displayed  on  a  color  monitor  unit  The  color  photograph 
corresponding  to  I  ig  l()a  is  presented  in  I  ig  I  Ob  I  ach  color  in  this  photograph 
corresponds  to  a  specific  model  wall  temperature  range 
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Jin-  konuTMon  from  model  wall  temperature  ranges  lo  aerodynamic  heal  transfer 
kiH'IlKicnt  ih  1 1\  accomplished  by  assuming  that  the  wall  temperature  response  is  similar 
lo  llul  ol  j  wm i  int mite  \lalv  It  should  tv  pointed  out  that  the  level  of  the  wall 
temperatures  interred  trum  the  phosphor  paint  was  adjusted  to  agree  with  those  inferred 
Irom  the  <>ardon  gage  I  he  heat  conduction  equation  for  the  wall  temperature  nse  of 
a  semi  inlimte  slab  is 

"  *-L-  .  |  -  |5> 

l  -  t 

4»  I 

where 

*■  _.|\ 

-  ~  = 


I  lie  udiuhalk  wall  tcin|vralnte  l  I,.  l  sail  he  shown  lo  lv  equal  lo  about  0  *>S  l„.  The 
initial  wall  tcm|vrutore  I  1,1  and  the  stagnation  temperature  il  ,|  were  obtained  from  the 
recordings  ot  the  Itccfm.m  210  analog  lo-digit.il  converter  I  he  wjll  lein|vrature  ranges 
Irom  the  color  photograph  are  substituted  into  the  left-hand  side  of  I  «j  ( 1 1  so  that  values 
ol  fH  v  an  lv  determined.  I  litis 


/lN(,.k 

v  N- 


(hi 


Ihc  material  prop*  rlv  parameter  l\  pdc  I  was  determined  to  he  IM)M)  lit u  tt*’ -wc' /»-*R 
lor  t tie  MK-S4  in  nlcl  material  ((  -7  epoxy  i  and  ^t  is  the  exposure  time  to  the  airflow 

3.3  DATA  PRECISION 

l  ncertamties  (hands  which  include  os  percent  ol  the  calibration  data)  in  the  basic 
tunnel  parameters  tp,  I  .  and  M.l  were  estimated  from  repeal  calibrations  of  the 
instrumentation  and  Irom  the  repeatability  and  umlormity  of  (lie  test  section  flow  dunng 
tunnel  calibrations  these  uncertainties  were  then  used  to  estimate  uncertainties  in  other 
Iree-slream  projvrties  u.ing  the  I  ay  lor  series  method  of  error  propagation.  The  results 
are  tahulatevl  below 


l 

'nccrtainly 

( t  1,  percent 

Nominal  M_ 

Uu _ 

lc, 

V. 

Rcjft 

1  4'l 

0.7 

0.5 

()  ‘1 

1.5 

0.7 

1  3 

1  7h 

0.7 

0  5 

0.‘) 

1.7 

O.h 

1.4 
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Measurements  of  model  attitude  in  pilch  and  roll  arc  precise  within  20.0$  and  20  I  deg. 
rcspsitisely ,  based  on  repeal  calibrations 

I  lie  estimated  precision  of  the  hcat-transler  coellicient  levels  for  the  (tardon  gage 
and  the  Datacolor  system  are 

Parameter  Cncertainty  t  2 1.  percent 

b< i « i a ii n  t, tf* 

Ni  <tn«i»t 

Hie  relatisely  large  sallies  for  these  uncertainties  is  directly  attributable  to  the  loss  driving 
potential  lT4,  I,  )  that  existed  for  the  present  lest  I  he  I  -4(  parent  model  used  for 
this  test  seas  restricted  to  a  maximum  stagnation  temperature  of  1X0*1  Normally,  the 
tunnel  A  stagnation  temperature  ssould  be  about  50*1  higher  which  would  substantial!, 
reduce  the  uncertainties  quoted  above  It  should  also  be  ment kmcil  that  the  above  values 
are  based  only  on  uncertainties  of  measured  parameters  and  do  not  include  uncertainties 
which  may  be  attributable  to  violations  ol  the  semi-infinite  slab  assumptions  It  should 
be  emphasized,  however,  that  local  variations  in  the  heat -transfer  coefficient  were  clearly 
discernible  in  the  data,  and  "hot  spots"  were  easily  detected 

SECTION  IV 

RESULTS  ANO  DISCUSSION 
4.1  WIND  TUNNEL  RESULTS 

In  I  pstein’s  paper  tRef  I).  the  restrictions  imposed  on  aircraft  store  combinations 
by  "arbitrary"  temperature  limitations  were  discussed  At  that  time,  there  were  no 
acceptable  techniques  for  determining  realistic  store  temperatures  at  low  supersonic  speeds 
other  than  flight  test  representative  cases.  lire  color  photograph  presented  in  I  ig  10  shows 
heat-transfer  coefficients  on  an  external  store  obtained  at  simulated  conditions  in  a  wind 
tunnel  by  appluation  of  the  thermographic  phosphor  technique.  This  demonstrates  ti  e 
feasibility  of  using  this  technique  for  the  store  aerodynamic  heating  problem 

Additional  Datacolor  photographs  obtained  on  the  outboard  side  ol  the  MK-K4  are 
presented  in  I  ig.  II.  Ihese  photographs  compare  the  "fuel  tank  on"  heating  patterns 
on  the  MK-K4  with  the  "fuel  tank  off"  patterns  One  might  expect  that  the  fuel  tank 
bow  shock  impingement  on  the  outboard  side  of  the  Mk4\4  would  produce  a  final  "hot 
spot  "  Close  inspection  of  tire  photographs  docs,  in  fact,  show  finalized  "hot  spots"  lor 
the  "fuel  tank  on"  configuration  The  fuel  lank  bow  shock  impingement  is  substantiated 
by  the  shadowgraph  picture  presented  in  I  ig  12.  which  shows  that  the  location  of  the 
shock  impingement  on  the  MK-X4  is  approximately  the  same  as  that  of  the  "hot  spots" 
shown  in  T  ig  II  The  photographs  shown  in  hgs  10  and  II  vividly  illustrate  that  the 
Datacolor  analysis  of  the  thermographic-phosphor  paint  data  can  provide  good 
quantification  of  the  thermal  environment  of  an  external  store. 
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In  I  ic  I  fa.  dj|j  comparisons  arc  aptn  nude  between  "fuel  tank  on"  and  "fuel 
tank  oft  heating  distributions  tor  the  outbojrd  side  of  the  MK-X4  (inboard  distributions 
are  given  in  I  ig  I  fb)  However  in  (his  case  the  data  are  presented  as  axial  distribution 
plots  lor  a  single  radial  position  <ie..4,Jt  *  135  deg)  Ihese  distributions  were  obtained 
by  nuking  data  fairings  Irom  the  eorres |»otiding  Dataeolor  photographs  for  6,,,  “  135 
deg  Its  noting  the  vial  location  of  the  various  color  changes,  the  relative  heating  levels 
were  determined  ah  ng  (he  model  In  addition,  the  relative  slope  of  the  heating  distribution 
at  each  color  change  can  be  determined  by  observing  which  color  corresponds  to  the 
higher  temperature  However  a  comparison  of  these  axial  distribution  plots  with  the  color 
photographs  of  I  igs.  10  and  II  clearl)  shows  the  advantage  of  the  latter  form  of  data 
presentation 

Addi.ional  axial  distribution  data  fairings  are  presented  in  I  igs  14  and  15.  These 
data  show  the  influence  of  angle  of  attack  and  radial  position  lor  the  specific  conditions 
listed  I  here  arc  large  sanations  with  radial  position  (fig  I5>  as  the  llow  field  is  obviously 
not  axisymmctric  More  information  regarding  the  flow  field  and  surface  streamlines  can 
be  obtained  by  examination  of  oil  How  photographs  Dunng  the  present  lest  a  limited 
number  ol  oil  llow  photographs  were  obtained,  and  a  representative  one  is  presented  in 
I  ig  l(*.  Here  again,  the  llow  field  complexity  is  vividly  illustrated 

4 2  APPLICATION  OF  WIND  TUNNEL  RESULTS  TO  FLIGHT  CONDITIOIIS 

In  Section  I  it  was  implied  that  the  heat-transfer  coefficients  determined  at  Ihe 
simulated  conditions  in  tin*  wind  tunnel  could  be  used  to  provide  realistic  store 
temperatures  tor  tlight  conditions  llie  schematic  presented  in  I  ig  17  illustrates  the 
procedure's  lor  accomplishing  this  and  the  table  below  provides  a  "status  report  ’  of  each 
item. 


Item 


Status 


Heat  transfer  rates  feasibility  demonstrated  by  this 

measured  in  wind  tunnel  report 


I  light  conditions 


I  unction  of  a  given  mission 


Aerodynamic  scaling  laws 


Heat  transfer  rates  lor 
flight  conditions 


(  an  be  determined  by  correlation  of 
tlight  and  wind  tunnel  data 
(tentative  program  currently  in 
planning  stage) 

I  unction  of  specific  configuration 
and  mission 


( omputcr  code  for  store 
heat  conduction 


Available  at  Al  IX  (Ref  5) 
checkout  runs  complete 


Temperature  distribution  on  Sl’lc-of-lhe-ait  technology  available 

store  (flight)  to  perform  task 


X 
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Vs  v an  he  seen.  the  determination  ol  i!ic  proper  aerodynamic  scaling  law*  is  the  area 
where  future  eltorts  should  Iv  directed  A  hypothetical  determination  of  the  proper 
aerodynamic  scaling  laws  un  Iv  obtained  In  assuming  that  a  turhulent  boundary  layer 
exists  lor  both  the  lliishr  and  wind  tunnel  conditions  lot  turbulent  boundary  lj>ers  on 
Minpli  geometries  it  can  Iv  shown  iRet.  to  that 

slHlr  |  '  *  -  <  •  Ml«l  |  i  j 


lo  illustrate  the  applkation  ot  scaling  laws  this  relationship  was  used  to  extrapolate  the 
present  data  to  lliglil  conditions  It  should  Iv  emphasized  that  this  extrapolation  technique 
may  or  max  not  Iv  applicable  In  substantiate  this  procedure  a  direct  correlation  between 
High!  test  data  and  wind  tunnel  data  should  Iv  made 


I  qua  lion  1 7 1  can  Iv  written  as 

•'  •'  1, 

whiili  red iK es  lo 


where  Sr || ,  is  detined  as 


N‘|V.  '  s'w, 


ml 


|fl 


Rearranging  Iq  <  1 0 1  gives 


k|Ti 

'|l'  ~  i>  v  i 
'|Ti  '(Tt  »* 


tbl 


!•>> 


1 10) 


(III 


I  he  present  Mail)  ’  (I  wind  tunnel  data  have  been  exlrapolati  d  lo  tli|:hl  conditions 
at  .0,000  n,  and  these  results  are  shown  in  I  ig  lb  Also  shown  n  I  ig  lb  is  a  heating 
rate  distribution  obtained  from  Kel  '  Ihis  theoretical  distribution  was  basal  on  an 
interference  tree  How  held  at  \l  '  0  Vote  that  the  theoretical  calculations  were  as 
much  as  100  percent  below  the  data  I.  iring  ol  the  present  test  Ihis  emphasizes  the  fact 
that  the  complcxil)  ot  the  aiurall  store  How  environment  deties  aiialytliul  description. 


In  Kct  '  heating  rale  distributions  were  presented  lor  altitudes  from  0  to  100,000 
It  I  xtrapolation  ol  the  wind  tunnel  data  to  various  altitudes  h>  the  above  procedures 
is  illustrated  in  I  ig  l‘»  I  he  imphsil  assumption  in  this  exlra|>«>lalion  is  that  the  heating 
rate  distribution  is  not  a  I  mu  turn  ot  Reynolds  number  lor  a  turbulent  boundary  layer. 
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SECTION  V 
CONCLUSIONS 


Aerodynamu  heating  tests  were  conducted  on  an  MK-X4  bomb  model  mounted  on 
the  left  inbojrd  pylon  of  a  5 -percent -scale  model  of  the  I  -4C.  The  test  was  run  at  nominal 
free-stream  Mach  numbers  of  I  49,  I  7b.  2  00,  and  2.50  Complete  thermal  mappings  were 
obtained  by  the  thermogrjphtc  phosphor  paint  technique  Based  on  an  analysis  of  these 
data,  the  primary  conclusions  arr 

1  Ibis  investigation  has  demonstrated  the  feasibility  of  applying  a  wind  tunnel 
testing  technique  to  the  store  aerodynamic  heating  problem 

2  Thermal  mappings  indicate  that  the  local  "hot  spots"  produced  significant 
variations  in  the  heat  transfer  coefficient  at  sanous  VI  locations. 

V  Photographic  data  clearly  illustrate  the  complexity  of  the  tlow  Held  around 
the  store  and  interference  free  calculations  can  be  100  percent  below  the 
measured  values 

4  lhe  Datacolor  analysis  of  the  thermographic -phosphor  paint  data  provided 
good  quantification  of  the  thermal  environment  of  an  external  store. 
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Installation  of  Parent  Body,  MK  84  Store  anH  f  uel  Tank 


ody  Contour 
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M  K-W4  Cent  or  line 


Fig  5  Sketch  Illustrating  Relative  Sim  of  F-4C,  MK4J4,  and  Fuel  Tank 
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Fig.  6  Variation  of  Phosphor  Brigttnass  with  Tamparature  r 
U.  S.  Radium  Randalin®  1807  Phosphor 
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Fig  8  Roll  Positions  of  F-4C  Parent  Body  for  Photographic  Coverage 


Typical  Black  White  Picture  of  Phosphor  Painted  MK  84  Store  with  Parent  Body  Rolled  445  deq 
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Fuel  Tanks  Off 


ruel  Tanks  On 

a.  IVL  -  176,  Re_/ft  -  3.84  x  10* 


Cross  hate  h  i  ng 
Denotes  Areas  of 
Invalid  Data 


Fuel  Tanks  Off 


I  ru  f  easnv.; 
Value  of  Ik, 


Fuel  Tanks  On 


b.  =  2.00,  Rejft  =  4.29  x  106 

Fig.  1 1  Datacolor  (Thermographic  Data)  Photographs  Showing  the  Influence  of 
the  Fuel  Tanks,  c  =  0,  Outboard  Side  of  MK-84 
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Fig  12  Shadowgraph  of  Two  MK  84  Stores  Attached  to  the  Wings  of  F  4C  with 
Fuel  Tanks.  0,  Re.  /ft  4(i  x  10;’,  M  1.7f3 
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Fig  14  Influanca  of  Agnla -of  Attack  on  tha  Haat  Transfar  Coaffidant  Distribution 


Btu/f t  -hr- 


AC  DC  T*  ?J  Ul 


Cordon 

Gage  Data 

O 

A 

□ 


Data  Falrlnta 


$  ,  deg 

ray*  * 

90  Inboard 

135  Inboard 

135  Outboard 


Fig.  15  Influtnca  of  Radial  Position  on  tt>a  Axial  Haat  Transfar  Coaffictant 
Distribution  on  tha  MK  84  St  or* 
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Fig.  16  Oil  Flow  Pattern*  of  Two  MK-84  Stores  Attached  to  the  Wing*  of  F-4C 
with  Fuel  Tank*,  a  =  0,  Rejft  =  4.29  x  1C«,  »  2.00 


Flight  Conditions 
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Fig.  17  Schematic  Showing  Extrapolation  of  Wind  Tunnel  Data  to  Flight  Conditions 
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Fif.  18  Comparison  of  Typical  Data  Fairing  with  Intarfaranca-Fraa 
Calculations  Based  on  M  -  2.00 
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